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Description 

BACKGROUND OF THE INVENTION 

This Invention relates to devices for supporting 
medical instruments. 

Surgical procedures, e.g., those involving arth- 
roscopic surgery, require simultaneous use of nu- 
merous instruments by a physician. Often the pro- 
cedure is complicated and one or more assistants 
may be required to hold one or more of the instru- 
ments in position. These assistants tend to congest 
the area around the operating table and restrict 
movement by the physician performing the sur- 
gery. 

To address this problem, others have sug- 
gested arms to hold surgical equipment. For exam- 
ple. Milo (1975, U.S. Patent No. 3,858,578) de- 
scribes a flexible arm for holding surgical instru- 
ments, the joints of which can be simultaneously 
locked in place, using hydraulic pressure to tension 
a cable extending axially through the assembled 
arm elements. Poletti (1972, U.S. Patent No. 
3,638,973) and Kimoshita (1976, U.S. Patent No. 
3,986,692) describe jointed arms which can be 
fixed in position by hydraulic pressure. 

SUMMARY OF THE INVENTION 

The invention is based on an instrument-sup- 
porting, articulated device as shown in US Patent 
No. 4548373, having a distal end capable of sup- 
porting an instrument in the region of a surgical 
operating site, the device having at least one joint 
that supports a movable distal support element 
relative to a proximal support, the joint is asso- 
ciated with a mode selector, the joint having struc- 
ture capable, upon selection of a first mode of 
operation by the selector, of enabling relatively free 
motion of the joint for achieving a desired position 
of the instrument and the joint having structure 
capable, upon selection of a second mode of op- 
eration by the selector, to set the position of the 
instrument in space with lightly loaded restraint, the 
lightly loaded restraint being of a value that, while 
the second mode continues to be selected, the 
user may adjust the position of the instrument by 
application of a light force to the instrument and 
upon release of such light force by the user, the 
instrument will remain in the newly adjusted posi- 
tion. 

According to the invention, the joint includes a 
vacuum actuated restraint operable to provide a 
second mode of operation, and the device com- 
prises means for delivery of vacuum into said joint, 
which is adapted, in the absence of vacuum of a 
predetermined vacuum within said joint, to rotate 
freely about its respective axis, and in the presence 



of vacuum within said joint above said predeter- 
mined level, to lightly resist rotation, thereby to set 
the relative positions of device elements at said 
joint. 

5 In preferred embodiments, the light force is of 

the order of one or a few ounces 30g or several 
times 30g; the device comprises at least two joints, 
each having two modes of operation, the selector 
having at least three selectable conditions in which 
10 respectively both joints are selected to the first 
♦mode of operation both joint are selected to the 
second mode of operation, and a given one of the 
joints is selected to the first mode and the other 
joint is selected to the second mode of operation. 
is In one particular embodiment, the device com- 
prises a base, a shoulder assembly having a first 
joint for rotation about a first axis upon the base 
and a second joint distal of the first joint for rotation 
about a second axis orthogonal to the first axis, an 
20 arm having its proximal end rotatably connected to 
the second joint of the shoulder assembly, and a 
wrist assembly connected to the distal end of the 
arm and having a wrist joint adapted for movement 
about the end of the arm, preferably the arm com- 
25 prises first and second arm elements rotatably con- 
nected at an elbow joint, and, preferably, each joint 
has two modes of operation, more preferably, the 
device comprises means for delivery of vacuum 
into the joints, each joint comprises an instrument 
30 clamp disposed at the distal end of the device 
adapted to receive and fixedly hold an instrument 
for surgery, conduit means for delivery of vacuum 
through the device, and means associated with the 
conduit for selectively delivering vacuum into one 
35 or more of the joints to set the joints with the light 
restraint, preferably the means for selectively de- 
livering vacuum comprises switch means disposed 
distally on the device, first conduit means for deliv- 
ery vacuum into the switch means, and second 
40 conduit means for delivering vacuum from the 
switch means into the joints; the device further 
comprises counterbalance means associated with 
the shoulder assembly for counterbalancing the 
arm, preferably the counterbalancing means com- 
45 prises a constant force extension spring connected 
at one end to the shoulder assembly, and at a 
second end to the arm. 

In another preferred embodiment, the joint hav- 
ing two modes of operation comprises at least one 
so spherical element adapted for swiveling motion and 
associated with a vacuum chamber in the manner 
that vacuum applied to the chamber draws the 
parts of the joint together to apply frictional re- 
straint. Preferably, the joint comprises first and 
55 second spherical elements connected in serial se- 
quence; the first spherical element is rigidly asso- 
ciated with the second spherical element; and the 
joint further comprises a socket for the spherical 
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element, the wall of the socket defining a groove 
for receiving and supporting an o-ring in a manner 
to limit compression and rotation of the o-ring, the 
spherical element and the socket defining the vacu- 
um chamber, establishment of vacuum in the 
chamber adapted to draw the spherical element 
into motion resisting frictional engagement with the 
o-ring. 

According to another aspect of the invention, a 
surgical console comprises a multiplicity of the 
devices described above. 

According to still another aspect of the inven- 
tion, the wrist joint comprises at least one spherical 
element adapted for swiveling motion and asso- 
ciated with a vacuum chamber in the manner that 
vacuum applied to the chamber draws the parts of 
the joint together to apply frictional restraint. 

The invention thus provides a support for re- 
ceiving an instrument, for movement of the sup- 
ported instrument freely in three dimensions about 
the surgical site, and for holding the instrument 
precisely at a set position in an operating area. The 
joints of the device can be readily set, e.g., by 
application of one or more switches, but the sur- 
geon is permitted to adjust the instrument position- 
ing by overriding the frictional set of the joints with 
application of a small additional force. By using a 
vacuum locking mechanism, there is no risk of a 
component being blown off (as in hydraulic or other 
high pressure systems), there is no introduction of 
contaminated air into the operating area (as in 
pressurized air systems), and, if the vacuum is lost, 
the device does not fail immediately but rather 
takes at least about 30 to 60 seconds to collapse, 
slowly, giving the physician plenty of time to react. 
Other advantages of the support arm of the inven- 
tion over the prior art include: the presence of a 
counterbalance to hold the instrument at a specific 
desired location within the operating area, ready to 
be used by a physician; the entire arm is auto- 
clavable, so it can be touched by a physician 
without compromising the sterile zone; and the 
apparatus has a plurality of rotatable joints provid- 
ing the surgeon with great flexibility to position an 
instrument held by the arm as he desires. 

Other features and advantages of the invention 
will be apparent from the following description of 
the preferred embodiments and from the claims. 

Description of the Preferred Embodiments 

The drawings will first briefly be described. 

Drawings 

Fig. 1 is a perspective view of a support arm 
device of the invention; 



Figs. 2, 3 and 4 are somewhat diagrammatic 
perspective views of a surgeon employing the 
support arm device of the invention for position- 
ing an instrument during surgery; 

5 Figs. 5. 5a, and 5b are front, side and plan 
views of the table mount assembly of the sup- 
port arm of the invention; 
Fig. 6, 6a, and 6b are front, side and plan views 
of the shoulder element of the device; 

10 Fig. 7 is a side sectional view of an el- 
bow/shoulder rotational joint of the support arm 
of the invention, while Fig. 7a is a plan view of 
the joint taken at the line 7a-7a of Fig. 7; 
Fig. 8 is a side sectional view of a preferred 

is embodiment of the wrist joint of the support arm 
device of the invention, with a quick disconnect 
assembly; 

Figs. 9, 9a and 9b are plan, and side and top 
sectional views of the quick disconnect assem- 

20 bly; 

Figs. 10 and 11 are side sectional views of 
alternate embodiments of the wrist joint; 
Figs. 12 and 12a are front and side views of the 
vacuum switch assembly, while Fig. 12b is a 

25 plan view of the switch assembly taken at the 
line 12b-12bof Fig. 12; 

Figs. 13, 14 and 15 are perspective views of 
instrument clamps for use with the device of the 
invention, 

so Fig. 16 is a diagrammatic view of the support 
arm of the invention showing the flow of vacuum 
therethrough; and 

Fig. 17 is a somewhat diagrammatic perspective 
view of a surgeon employing a console having 

35 multiple support arms of the invention. 

Referring to Fig. 1, support arm 10 consists of 
a vertical support post 12, a shoulder assembly 14 
constructed for rotation at 13 about axis. A, and 
including a shoulder joint 15 constructed for rota- 

40 tion about axis B; upper arm 16; elbow joint 18 
constructed for rotation about axis C; forearm 20; 
and wrist assembly 22, including a wrist joint 23, 
e.g., a pair of spherical joints adapt to swivel in- 
dependently of each other. At the end of the wrist 

45 assembly there is provided a quick disconnect 
assembly 24 for receiving an instrument clamp 26 
holding instrument 28, e.g.. a powered surgical 
instrument. The entire arm is steam autoclavable 
for use in the surgical area without draping. 

so The structure of the support arm device will be 
described in more detail below, but first we de- 
scribe the use of the invention for better under- 
standing of its important features. 

The invention better permits the surgeon to act 

55 as an orchestra leader, directing his surgical team 
through a procedure, by providing a surgeon with 
the ability to precisely position an instrument, e.g., 
a powered surgical instrument or an endoscopic 
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camera, for a surgical procedure and allowing him 
to leave the instrument supported exactly at that 
position, thus freeing a hand that would otherwise 
be required to hold the instrument during the pro- 
cedure, typically the surgeon's own, or in some 
instances that of an assistant, in which case the 
assistant would likely impede access to the sur- 
gical site. The surgeon, free of having to hold the 
instrument in position, can use the hand for other 
purposes, e.g., to better employ tactile control or 
monitoring of the patient, e g., in positioning or 
manipulating the limbs. The support arm allows the 
surgeon to leave the surgical area, e.g., to consult 
x-rays or patient records, and return to the proce- 
dure with his instruments positioned exactly as he 
left them. The procedure is thus enhanced and is 
also shortened. 

Referring to Fig. 2, the support arm 10 of the 
invention, in a first mode of operation, allows the 
surgeon 30 to move the arm freely to position the 
surgical instrument, in this case an endoscopic 
camera 28*, at a desired location about the surgical 
site, e.g., as shown in the figure, a patient's knee 
32, with the shoulder 13 and shoulder joint 15, 
elbow joint 18 and wrist joint 23 all free to move, as 
indicated by arrows a, b, c and d. Once the instru- 
ment is grossly positioned, the surgeon sets the 
shoulder 13, elbow joint 18 and shoulder joint 15 
by activating a first switch 34 adjacent the wrist 
assembly. 

Referring now to Fig. 3, the surgeon 30 fine 
tunes the position of the instrument 28\ while ob- 
serving the video monitor 36 and manipulating an- 
other instrument, e.g., a powered surgical tool 38, 
with his other hand. The ability to fine tune the 
position of the instrument is provided by the free 
operation of the wrist joint 23, and also by the 
ability of the surgeon, as desired, to override the 
vacuum frictional set of the elbow and shoulder 
joints 15, 18 and the shoulder 13 by application of 
slight additional force. (Of course if more adjust- 
ment of the shoulder and elbow and shoulder joints 
is required, the surgeon may quickly free these 
joints by activating switch 34, adjusting the position 
and resetting these joints.) Once the desired fine 
tune position of the instrument is achieved, the 
surgeon sets the wrist joint by activation of second 
switch 40 (Fig. 3), also adjacent the wrist assembly. 

Once the instrument Is set in position, the 
surgeon has his hand free for other activity in the 
surgical site. For example, in Fig. 4, the support 
arm device of the invention supports endoscopic 
camera 28* at a position to provide the surgeon 
with the desired view on the monitor 36. The sur- 
geon with his left hand manipulates a surgical tool, 
e.g., a powered shaving or cutting instrument 38, 
and with his right hand grasping the patients ankle 
manipulates the limb to establish varus or valgus 



stress in the knee joint for improved accessibility. 

During the surgical procedure, the surgeon 
may quickly adjust the position of the instrument, 
either by deactivating the vacuum through one or 
5 the other of switches 34, 40, or by applying a small 
additional amount of force, e.g., of the order of one 
or a few ounces to override the vacuum set of one 
or more of the joints, to move the instrument as 
desired. This feature results from the use of vacu- 

w um to set the joints frictionally, opposed to me- 
chanical-type locking joints that freeze position. As 
will be described, the instrument is always sup- 
ported by the arm to some extent, even when the 
joints are not set by vacuum, thus reducing physi- 

75 cian fatigue as well. 

Although the drawings so far described illus- 
trate an arthroscopic procedure of the knee, it will 
be recognized that the support arm has wide ap- 
plication for surgery and other areas of medicine, 

20 e.g., in arthroscopic surgery of all surgical joints, 
e.g., oral, arthropaedic and podiatric, and also in 
the fields of ophthalmology and neuro surgery, and 
generally in any procedure in which the physician 
will be aided by a readily adjustable means for 

25 fixedly positioning an instrument of any type in the 
surgical field; for example, in procedures requiring 
the physician to position a treatment instrument 
and withdraw during treatment application, e.g., 
treatment by proton rays. 

30 Referring now to Fig. 1, and also to Figs. 5, 5a 
and 5b, post 12 extends upwardly a distance, H, 
e.g., about 30,5 cm (12 inches), from clamp 40 
constructed for secure attachment along a surgical 
bed rail 42 (Fig. 1). The post 12 has a conical 

35 upper segment 44 terminating in a flat horizontal 
surface 46. Disposed upon surface 46 is a plate 
element 48 constructed for rotation about vertical 
stud 50 extending upwardly along axis A from post 
12. The post and stud 50 define a conduit 52 for 

40 vacuum from an external source, through the base 
of the post, as will be described more fully below. 
A second vertical stud 54, disposed through plate 
48 at a position radially outward of axis A, defines 
a conduit for vacuum into chamber 56 defined 

45 between opposed surfaces of plate 48 and post 12, 
and sealed by o-rings 58. 

As best seen in Figs. 6, 6a and 6b, shoulder 
assembly 14 consists of a vertical plate 63 having 
apertures 51 , 55 to receive studs 50, 54 in vacuum 

so tight relationship (provided by o-rings 60, 62 about 
the studs), and defining vacuum conduits 65, 67 
therethrough, as described below. Stud 50 is of 
sufficient height, h, e.g., about 5,1 cm (two inches), 
to support the shoulder and extended portions of 

55 the arm against bending or tipping under load. The 
second stud 54 causes the shoulder and plate to 
rotate together, at 13. The shoulder further consists 
of shoulder joint 15 having a shoulder joint element 
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69 mounted for rotation relative to shoulder pfate 
63 on axis 13, the joint element being connected to 
the inner end of upper arm 16. Affixed for rotation 
with the joint element 69 is a counter-balance plate 
68. Movement of arm 16 is resisted by a constant 
force extension spring 70 attached at one end 72 
to the shoulder plate 63 and having a coiled end 74 
attached to a shaft 76 extending between plate 68 
and an arcuate groove 78 defined in the plate 63. 
The shaft thereby is caused to move with upper 
arm 16, movement of arm 16 (indicated by arrow 
S) causing the spring to uncoil and exert force to 
resist further movement of the arm. The shaft 76 to 
which spring coil 74 is attached is restricted to 
movement in the groove, thereby limiting the range 
of motion of the upper arm, e.g., to about 10 • 
below horizontal to 100' , or over other ranges as 
desired. 

Referring now to Fig. 7, the elbow joint 18, 
between upper arm 16 and forearm 20. consists of 
first and second rotating joint elements 82, 84, 
each connected to one arm, and adapted to pivot 
about axis C, on pin 86. Disposed in an annular 
groove 88 defined between the rotating joint ele- 
ments is a washer, e.g., rubber or silicone, 90, 
which in the presence of a vacuum condition within 
the joint restricts relative movement of the joint 
elements, as described more fully below. The ro- 
tary joint at the shoulder is similarly constructed. 

Referring to Fig. 8, at the outer end of the 
forearm 20 there is disposed wrist assembly 22, in 
the preferred embodiment shown consisting of a 
first spherical element 92 attached to the end of 
forearm 20 and held within a cylindrical sleeve 94 
by threaded ring 96. A second spherical element 
98 is held in the opposite end of the cylindrical 
sleeve by ring 100, the spherical elements defining 
a vacuum chamber 102 therebetween, sealed by o- 
rings 104 held in grooves sized to restrict compres- 
sion and resist rotation of the o-rlng. 

Referring to Rgs. 9, 9a and 9b, at the outer 
end of spherical element 98 there is provided a 
quick disconnect assembly 104 having a body 106 
and a pair of push bars 108 held in position by 
compression springs 110. For receiving the shaft 
114 of an instrument clamp, e.g., as shown in Rgs. 
13 and 14, the body and bars define a cavity 112. 
As the male shaft is inserted, the bars are urged 
radially outwardly to allow passage; the springs 
then return the bars to the position of Fig. 9a to 
secure the clamp. To change instruments as de- 
sired, the surgeon merely presses the exposed 
surfaces 109 of bars 108 to release the clamp. 

Other embodiments of the wrist joint are shown 
in Figs. 10 and 11. In Rg. 10. a wrist element 22 
has a single spherical element 115 defining vacu- 
um chamber 116 at the outer end of the forearm, 
and is attached to the forearm at an angle to the 



axis X of the arm. In the wrist joint 22* of Fig. 1 1 , a 
pair of spherical elements 118 are provided, con- 
nected by a rigid hollow shaft 120. Each spherical 
element defines, with structure respectively adja- 
s cent the arm 20 and the quick disconnect assem- 
bly 104, separate vacuum chambers 122, 124 con- 
nected through the shaft. In another embodiment, 
the wrist joint may comprise a series of four vacu- 
um lockable rotary joints sequentially arranged at 

w right angles and rotatable about respective axes. 

Referring to Rgs. 12, 12a and 12b, vacuum 
actuator switches 34, 40 consist of slide switches 
positioned at the outer end of forearm 20, adjacent 
wrist assembly 22. Switch 34 in a first position 

75 allows vacuum drawn through conduit 140 to be 
diffused through the body of the switch element. In 
a second position of the slide switch (shown in Rg. 
12), vacuum V A is directed into conduit 144 to draw 
vacuum in the elbow and shoulder of the arm. 

20 Switch 40 in a first position (shown in Rg. 12) 
prevents vacuum from being drawn through conduit 
146, instead diffusing vacuum in the body of the 
switch element. In a second position of switch 40, 
vacuum V w is drawn in conduit 146 to set the joints 

25 of the wrist. 

Referring briefly to Figs. 13 and 14, typical 
instrument clamps 126, 126* are shown. The 
clamps consist of a shaft 114 sized and con- 
structed to be received by quick disconnect as- 

30 sembly 104, and a clamp, e.g., a tong clamp 123 
(Rg. 13) or a ring clamp 123* (Rg. 14). The 
clamps, constructed for the particular instrument 
with which they are to be employed, are tightened 
about the instrument by means of threaded knobs 

35 125. In Rg. 15 there is shown an instrument clamp 
128 for use in particular surgical procedures requir- 
ing multiple instruments to be disposed on axes X, 
Y and Z of the clamp directed at the center of a 
sphere defined by the clamp arms 130, e.g., for 

40 drilling into a joint from outside the body along axis 
Z, to intercept a probe on axis X. 

Referring now to Rgs. 16, the operation of the 
support arm 10 of the invention in the several 
modes of operation will be described. Vacuum (in- 

45 dicated by arrows, V) is provided from an external 
source, e.g.. wall vacuum in an operating room (not 
shown) typically about 18 to 22 mm Hg, into the 
base of post 12. The post defines a conduit 52 for 
flow of vacuum to stud 50. A pair of separate 

so conduits, e.g., plastic tubes 140, 142, extend 
through stud 50 into shoulder plate 63 and from 
there through shoulder joint 15, upper arm 16, 
elbow joint 18, and forearm 20 to switches 34, 40 
adjacent wrist assembly 22. When switches 34, 40 

55 are open, air is drawn out of the operating room 
into the support arm, and all the joints are free to 
move allowing the surgeon to move the instrument 
freely for gross adjustment. (By use of vacuum, 
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there is no danger of fluid, either liquid or gas, 
being expelled into the surgical environment, as 
with pneumatic or hydraulic pressure devices.) 
When switch 34 is closed, vacuum V A is drawn in 
closed return conduit 144 creating a vacuum con- 
dition in chambers defined by the elbow joint (146), 
the shoulder joint (148) and at the shoulder (56). 
Those chambers are sealed, the shoulder by o- 
rings 58, the elbow and shoulder joints by washers 
90, 91 and the plate 48 is drawn toward the surface 
46 against the o-rings to resist rotation at 13, and 
the joint elements 82, 84 of the elbow and the joint 
elements of the shoulder are drawn together 
against the washers to similarly resist rotation of 
the elbow and shoulder joints. (The resistance 
force is frictional, and can be overcome by applica- 
tion of a slightly greater force, e.g., by the surgeon, 
for minor adjustments of instrument position.) 

Actuation of slide switch 40 draws a vacuum 
V w via conduit 146 into the chamber (or chambers) 
of the wrist joint to draw the spherical elements 92, 
98 into frictional engagement with the o-rings 104, 
thereby setting the wrist joint, but in a manner that 
may be overcome by application of a relatively 
small force, e.g., one or just a few ounces, for 
adjustment of the instrument. 

Other embodiments are within the following 
claims, for example, in Fig. 17 there is shown a 
console 150 provided with several arms 10 of the 
invention for supporting multiple means for assist- 
ing the surgeon during the procedure to be per- 
formed. The device of the invention may employ 
vacuum, e.g., down to about 16 mm Hg. Vacuum 
may be provided by a stand-alone pump, or by a 
venturi-arrangement operating from a pressure 
source. 

Claims 

1. An instrument-supporting, articulated device 
having a distal end capable of supporting an 
instrument, in the region of a surgical operating 
site, said device having at least one joint that 
supports a movable distal support element rel- 
ative to a proximal support, said joint asso- 
ciated with a mode selector, said joint having a 
structure capable, upon selection of a first 
mode of operation by said selector, of enabling 
relatively free motion of the joint for achieving 
a desired position of the instrument and said 
joint having a structure capable, upon selection 
of a second mode of operation by said selec- 
tor, to set the position of the instrument in 
space with lightly loaded restrained, said light- 
ly loaded restraint being of a value that, while 
said second mode continues to be selected, 
the user may adjust the position of the instru- 
ment by application of a light force to the 



instrument and upon release of such light force 
by the user, the instrument will remain in the 
newly adjusted position, 
characterized In that said joint includes a 

s vacuum-actuated restraint operable to provide 

said second mode of operation, and that 
the device comprises means for delivery of 
vacuum into said joint, which is adapted, in the 
absence of vacuum of a predetermined level 

70 within said joint, to rotate freely about its re- 

spective axis, and in the presence of vacuum 
with said joint above said predetermined level, 
to lightly resist rotation, thereby to set the 
relative positions of device elements at said 

75 joint. 

2. The device of claim 1, wherein said light force 
is of the order of one or a few ounces (30g or 
several times 30g). 

20 

3w The device of claim 1 , comprising at least two 
said joints, each having said two modes of 
operation, the selector having at least three 
selectable conditions in which respectively 

25 both joints are selected to the first mode of 

operation both joints are selected to the sec- 
ond mode of operation, and a given one of 
said joints is selected to the first mode and the 
other joint is selected to the second mode of 

30 operation. 

4. The device of any of the aforegoing claims 
comprising: 

a base, 

35 a shoulder assembly having a first joint for 
rotation about a first axis upon said base and a 
second joint distal of the first joint for rotation 
about a second axis orthogonal to said first 
axis, 

40 an arm having its proximal end rotatably con- 

nected to said second joint of said shoulder 
assembly, and 

a wrist assembly connected to the distal end of 
said arm and having a wrist joint adapted for 
45 movement about the end of said arm. 

5. The device of claim 4, wherein said arm com- 
prises first and second arm elements rotatably 
connected at an elbow joint. 

50 

6. The device of claim 4, wherein each of said 
joint has said two modes of operation. 

7. The device of claim 4, wherein said device 
55 further comprises an instrument clamp dispos- 
ed at the distal end of said device adapted to 
receive and fixedly hold an instrument for sur- 
gery, conduit means for delivery of vacuum 
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through said device, and means associated 
with said conduit for selectively delivering 
vacuum into one or more of said joints to set 
said joints with said light restraint. 

8. The device of claim 7, wherein said means for 
selectively delivering vacuum comprises 
switch means disposed distally on said device, 
first conduit means for delivering vacuum into 
said switch means, and 

second conduit means for delivering vacuum 
from said switch means into said joints. 

9. The device of claim 4, further comprising 
counterbalance means associated with said 
shoulder assembly for counterbalancing said 
arm. 

10. The device of claim 9, wherein said counter- 
balancing means comprises a constant force 
extension spring connected at one end to said 
shoulder assembly and at a second end to 
said arm. 

11. The device of claim 1, 2 or 3, wherein aid joint 
having two modes of operation comprises at 
least one spherical element adapted for swivel- 
ing motion and associated with a vacuum 
chamber in the manner that vacuum applied to 
said chamber draws the parts of the joint to- 
gether to apply frictional restraint. 

12. The device of claim 11, wherein said joint 
comprises first and second spherical elements 
connected in serial sequence. 

13. The device of claim 11, wherein said first 
spherical element is rigidly associated with 
said second spherical element. 

14. The device of claim 11. wherein said joint 
further comprises a socket for said spherical 
element, the wall of said socket defining a 
groove for receiving and supporting an o-ring 
in a manner to limit compression and rotation 
of said o-ring, said spherical element and said 
socket defiring said vacuum chamber, estab- 
lishment of vacuum ins aid chamber adapted 
to draw said spherical element into motion 
resisting frictional engagement with said o-ring. 

15. A surgical console comprising a multiplicity of 
the devices of claim 1. 

16. The device of claims 1, 2, 4, 6 and 9, wherein 
said wrist joint comprising at least one spheri- 
cal element adapted for swiveling motion and 
associated with a vacuum chamber in the man- 



ner that vacuum applied to said chamber 
draws the parts of the joint together to apply 
frictional restraint. 

5 PatentansprUche 

1. Gegliederte Vorrichtung zum Halten eines In- 
struments, mit einem distalen, zum Halten ei- 
nes Instruments geeigneten Ende in dem Be- 

w reich eines chirurgischen Operationsgebiets, 
die wenigstens ein Gelenk aufweist, das ein 
bewegliches di stales Halteelement relativ zu 
einem proximalen Tragpunkt halt und mit ei- 
nem betriebsweisen Wahler in Verbindung 

75 stent, wobei das Gelenk aufgrund seiner Struk- 
tur in der Lage ist, bei Auswahl einer ersten 
Betriebsweise durch den WShler eine relativ 
freie Bewegung des Gelenks zum Erreichen 
einer gewUnschten Position des Instruments zu 

20 erm&glichen, und bei Auswahl einer zweiten 

Betriebsweise durch den Wahler die rSumliche 
Position des Instruments mit leichter Hem- 
mung festzulegen, und wobei unter Aufrechter- 
haltung der Wahl der zweiten Betriebsweise 

25 der Benutzer die Position des Instruments 

durch AusOben einer leichten Kraft auf das 
Instrument adjustieren kann und nach Wegnah- 
me der leichten Kraft durch den Benutzer das 
Instruments in der neu adjustierten Position 

30 bleibt, 

dadurch gekennzeichnet, dafl 
das Gelenk eine durch Vakuum aktivierte Hem- 
mung fUr das HerbeifOhren der zweiten Be- 
triebsweise aufweist, und daS die Vorrichtung 

35 eine Einrichtung zur Lieferung von Vakuum in 

das Gelenk enthSIt, das bei Abwesenheit eines 
Vakuums vorbestimmten Pegels zum freien 
Rotieren urn seine jeweiiige Achse, jedoch bei 
Vorhandensein eines Vakuums oberhalb des 

40 vorbestimmten Pegels in dem Gelenk zum 
leichten Widerstand gegen Rotieren eingerich- 
tet ist, urn dadurch die reiativen Positionen der 
Vorrichtungselemente in dem Gelenk einzustel- 
len. 

45 

2. Vorrichtung nach Anspruch 1 , wobei die leichte 
Kraft in der GrSBenordnung von einer Oder 
weniger Unzen (30 g Oder mehrmals 30 g) ist. 

so 3. Vorrichtung nach Anspruch 1, enthaltend min- 
destens zwei Gelenke mit je zwei Betriebswei- 
sen, wobei der WShler wenigstens drei wShl- 
bare ZustSnde hat, bei denen entweder beide 
Gelenke fOr die erste Betriebsweise, oder bei- 

55 de Gelenke fOr die zweite Betriebsweise, oder 
das eine Gelenk fUr die erste Betriebsweise 
und das andere Gelenk fUr die zweite Betriebs- 
weise ausgewShlt werden. 



7 



13 



EP 0 293 760 B1 



14 



4. Vorrichtung nach einem der vorhergehenden 
Anspruche, enthaltend: 

einen Sockel, 

eine Schulterbaugruppe mit einem ersten Ge- 
lenk zur Rotation urn eine erste Achse auf dem 
Sockel. und einem zweiten Gelenk distal von 
dem ersten Gelenk zur Rotation um eine zwei- 
te Achse senkrecht zur ersten Achse, 
einen Arm, dessen proximales Ende drehbar 
mit dem zweiten Gelenk der Schulterbaugrup- 
pe verbunden ist, und 

eine Handgelenk-Baugruppe, verbunden mit 
dem distalen Ende des Arms, die ein um das 
Ende des Arms bewegbares Handgelenk auf- 
weist. 

5. Vorrichtung nach Anspruch 4, wobei der Arm 
erste und zweite Armelemente aufweist, die an 
einem Ellbogengelenk drehbar miteinander 
verbunden sind. 

6. Vorrichtung nach Anspruch 4, wobei jedes der 
Gelenke zwei Betriebsweisen aufweist. 

7. Vorrichtung nach Anspruch 4, weiter enthal- 
tend: 

eine Instrumentenklammer an dem distalen 
Ende der Vorrichtung, geeignet zum Aufneh- 
men und festen Halten eines chirurgischen In- 
struments, 

Leitungsmittel zur Lieferung von Vakuum durch 
die Vorrichtung, und 

eine mit den Leitungsmitteln in Verbindung 
stehende Einrichtung zum selektiven Liefern 
von Vakuum in eines oder mehrere der Gelen- 
ke, um die Gelenke mit leichter Hemmung 
einzustellen. 

a Vorrichtung nach Anspruch 7, wobei die Ein- 
richtung zum selektiven Liefem von Vakuum 
distal an der Vorrichtung angeordnete Schalt- 
mittel, erste Leitungsmittel zur Lieferung von 
Vakuum in das Schattmittel, und zweite Lei- 
tungsmittel zur Lieferung von Vakuum von den 
Schaltmitteln in die Gelenke aufweist. 

9. Vorrichtung nach Anspruch 4, weiterhin enthal- 
tend Austariermittel in Verbindung mit der 
Schulterbaugruppe zum Austarieren des Arms. 

10. Vorrichtung nach Anspruch 9, wobei die Austa- 
riermittel eine Konstantkraft-Zugfeder enthal- 
ten, die an einem Ende mit der Schulterbau- 
gruppe und am zweiten Ende mit dem Arm 
verbunden ist. 

11. Vorrichtung nach Anspruch 1, 2 oder 3, wobei 
das Gelenk mit zwei Betriebsweisen wenig- 



stens ein spharisches Element aufweist. das 
fOr Drehbewegung geeignet ist und mit einer 
Vakuumkammer derart in Verbindung steht, 
daB ein an die Kammer angelegtes Vakuum 
5 die Gelenkteile zwecks AusObung einer Rei- 

bungshemmung zusammenzieht. 

12. Vorrichtung nach Anspruch 11, wobei das Ge- 
lenk ein erstes und ein zweites spharisches 

w Element aufweist, die in Reihenfolge miteinan- 

der verbunden sind. 

13. Vorrichtung nach Anspruch 11, wobei das er- 
ste spharische Element starr mit dem zweiten 

15 spharischen Element verbunden ist 

14. Vorrichtung nach Anspruch 11, wobei das Ge- 
lenk weiterhin eine Pfanne fUr das spharische 
Element aufweist, wobei in der Wand der Pfan- 

20 ne eine Nut zum Aufnehmen und Halten eines 

O-Rings derart ausgebildet ist, daB Kompres- 
sion und Rotation des O-Rings begrenzt sind, 
wobei das sphSrische Element und die Pfanne 
die Vakuumkammer defininieren und die Aus- 

25 bildung eines Vakuums in der Kammer geeig- 

net ist, das spharische Element in einen die 
Bewegung hemmenden Reibungseingriff mit 
dem O-Ring zu Ziehen. 

30 15. Chirurgische Konsole, welche eine Vielzahl der 
Vorrichtungen nach Anspruch 1 aufweist. 

16. Vorrichtung nach AnsprOchen 1, 2, 4, 6 und 9, 
wobei das Handgelenk wenigstens ein sphari- 

35 sches Element aufweist. das fOr Drehbewe- 

gung geeignet ist und mit einer Vakuumkam- 
mer derart in Verbindung steht, daB ein an die 
Kammer angelegtes Vakuum die Gelenkteile 
zwecks AusUbung einer Reibungshemmung 

ao zusammenzieht. 

Revendicatfons 

1. Un dispositif articule* support d'instrument 
45 comportant une extr^mite* distale capable de 
supporter un instrument dans la region d'un 
champ d'operation chirurgicale, ce dispositif 
ayant au moins une articulation qui supporte 
un element support distal mobile par rapport a 
so un support proximal, cette articulation e*tant 
associee a un se*lecteur de mode, Pandiculation 
ayant une structure capable, sur selection d'un 
premier mode de fonctionnement par le s6lec- 
teur, d'autoriser un de" placement relativement 
55 libre de ('articulation pour obtenir une position 

souhaitee de I'instrument et I'articulation ayant 
une structure capable, sur selection d'un se- 
cond mode de fonctionnement par le s£lecteur, 
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de bloquer la position de ('instrument dans 
I'espace avec une coercition faiblement char- 
gee, cette coercition faiblement charg^e ayant 
une valeur telle que, lorsque le second mode 
continue d'etre choisi, I'utilisateur puisse ajus- 
ter la position de Pinstrument par application 
d'une faible force a Pinstrument et que, lors de 
la cessation de cette faible force par Putilisa- 
teur, Tinstrument reste dans la position nouvel- 
lement ajustee, 

caracterise en ce que I'articulation inclut 
une coercition actionnee par le vide pouvant 
etre mise en oeuvre pour obtenir le second 
mode de fonctionnement, et en ce que le 
dispositif comprend des moyens pour appli- 
quer un vide dans ('articulation, qui est con? ue, 
en Pabsence de vide d'un niveau predetermine 
a Pinterieur de I'articulation, pour tourner libre- 
ment autour de son axe respectif et, en pre- 
sence de vide dans cette articulation au-des- 
sus du niveau predetermine, a s'opposer legfe- 
rement a une rotation, permettant ainsi de blo- 
quer les positions relatives des elements du 
dispositif a Tendroit de I'articulation. 

2. Le dispositif de la revendication 1 , dans lequel 
la faible force est de I'ordre d'un ou de plu- 
sieurs onces (30 g ou plusieurs fois 30 g). 

3. Le dispositif de la revendication 1 , comprenant 
au moins deux articulations, chacune ayant les 
deux modes de fonctionnement, le s£lecteur 
ayant au moins trois £tats seiectionnables pour 
lesquels, respectivement, les deux articulations 
sont s£lectionn£es sur le premier mode de 
fonctionnement, les deux articulations sont s€- 
lectionn£es sur le second mode de fonctionne- 
ment, et Tune donn§e des deux articulations 
est s£lectionn£e sur le premier mode et I'autre 



5. Le dispositif de la revendication 4, dans lequel 
le bras comprend un premier et un second 
Element de bras relies a rotation a I'endroit 
d'une articulation de coude. 

5 

6. Le dispositif de la revendication 4, dans lequel 
chacune des articulations poss&de les deux 
modes de fonctionnement. 

to 7. Le dispositif de la revendication 4, dans lequel 
le dispositif comprend en outre : 

une pi nee a instrument disposee a Pextre- 
mite distale du dispositif, concue pour recevoir 
et maintenir fixement un instrument de chirur- 
15 gie. 

des moyens formant conduite, pour appli- 
quer du vide au travers du dispositif, et 

des moyens associ^s a cette conduite, 
pour appliquer seiectivement du vide dans une 
20 ou plusieurs des articulations afin d'etablir ces 

articulations avec la faible coercition. 

a Le dispositif de la revendication 7, dans lequel 
les moyens pour appliquer seiectivement du 
25 vide comprennent : 

des moyens de commutation, disposes 
distalement sur le dispositif, 

des premiers moyens formant conduite, 
pour appliquer du vide dans les moyens de 
30 commutation, et 

des seconds moyens formant conduite, 
pour appliquer du vide depuis les moyens de 
commutation vers les articulations. 

& 9. Le dispositif de la revendication 4, comprenant 
en outre des moyens de contrebalancement 
associes au bloc d*epaule pour contrebalancer 
le bras. 

10. Le dispositif de la revendication 9, dans lequel 
les moyens de contrebalancement compren- 
nent un ressort d'extension a force constante 
relie a Tune de ses extremes au bloc d'epau- 
le et a une seconde extremite au bras. 

11. Le dispositif de la revendication 1, 2 ou 3, 
dans lequel I'articulation ayant deux modes de 
fonctionnement comprend au moins un ele- 
ment spherique congu pour un mouvement de 
pivotement et associe a une chambre a vide 
de telle fagon que le vide applique a cette 
chambre attire entre elles les pieces de Pandi- 
culation de manifcre a appliquer une coercition 
de friction. 

12. Le dispositif de la revendication 11, dans le- 
quel I'articulation comprend un premier et un 
second element spheriques montes en une 



articulation est s^lectionnee sur le second 40 
mode de fonctionnement. 

4. Le dispositif de Pune des revendications ci- 
dessus, comprenant : 

une base, 45 
un bloc d'epaule ayant une premiere arti- 
culation pour une rotation autour d'un premier 
axe sur la base et une seconde articulation, 
distale par rapport a la premiere articulation, 
pour une rotation autour d'un second axe or- so 
thogonal au premier axe, 

un bras ayant son extremite proximale re- 
liee a rotation a la seconde articulation du bloc 
d'epaule, et 

un bloc de poignet, relie a Pextremite dis- ss 
tale du bras et ayant une articulation de poi- 
gnet concue pour permettre un mouvement 
autour de Pextremite de ce bras. 
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sequence serielle. 

13. Le dispositif de la revendication 11, dans le- 
quel le premier element spherique est rigide- 
ment associS au second element spherique. 5 

14. Le dispositif de la revendication 11, dans le- 
quel Particulation comprend en outre une douil- 
le pour \'6\6mer\t spherique, ta paroi de cette 
douille definissant une gorge pour recevoir et w 
supporter un joint torique d'une manifere pro- 

pre a limiter la compression et la rotation de 
ce joint torique, I'dlement spherique et la douil- 
le definissant la chambre a vide, I'etablisse- 
ment d'un vide dans la chambre £tant congu is 
pour attirer ('element spherique en un contact, 
avec le joint torique, de friction s'opposant au 
dSplacement. 

15. Une console chirurgique comprenant une mul- 20 
tiplicitS de dispositifs de la revendication 1. 

16. Le dispositif des revendications 1, 2, 4, 6 et 9, 
dans lequel I'articulation de poignet comprend 

au moins un 6l6ment spherique congu pour un 25 
mouvement de pivotement et associd a une 
chambre a vide d'une manure telle qu'un vide 
appliqud a cette chambre attire entre elies les 
pieces de Particulation afin d'appliquer une 
coercition de friction. 30 



10 



EP 0 293 760 B1 




11 



EP 0 293 760 B1 




12 



EP 0 293 760 B1 




13 



EP 0 293 760 B1 




14 



EP 0 293 760 B1 




TO HOUSE VACUUM 



Jiq.5 



15 



EP 0 293 760 B1 




16 



EP 0 293 760 B1 




EP 0 293 760 B1 




18 



EP 0 293 760 B1 




EP 0 293 760 B1 




EP 0 293 760 B1 




21 



EP 0 293 760 B1 




EP 0 293 760 B1 




EP 0 293 760 B1 




24 



EP0 293 760 B1 




25 



